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EutrophicationAbstract A hot spot region of the Mediterranean Sea located at Sidikerir west of Alexandria was
chosen to evaluate the present status of its water quality due to the direct impacts of effect of the
power station, petroleum pipe company (SUMED) and some tourist villages. Subsurface and near
bottom water samples were collected seasonally during 2012 at eight locations to measure physic-
ochemical and nutrient salts characteristics as indicators of the water quality.
Temporal, spatial fluctuations as well as statistical correlations between the analyzed variables
were examined. They demonstrated a wide range of water temperature (17.14–26.31 C), narrow
fluctuations in salinity (37.51–39.71), and well-oxygenated seawaters (4.16–8.00 mg O2/l), low
amounts of oxidizable organic matter (1.92 mg O2/l) and the seawater was slightly alkaline (pH
range 8.03–8.53). Nutrient characteristics sustained the levels up to 1.68, 11.00, 8.82, 1.15 and
33.18 lM for reactive phosphates, reactive silicates, ammonium, nitrite and nitrate, respectively.
Total nitrogen and total phosphorous were fluctuated between 17.63–118.65 and 0.20–2.80 lM,
respectively. Trophic states, as well as factors affecting the water quality of study area, were eval-
uated. The water quality index WQI demonstrated that Sidikerir water was between medium and
good.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Sidikerir region is unique and enchanting site and extends
along the northern coast of Egypt far away from Alexandria
about 35 km. It lies between Latitudes 31.05 and 31.09N
and Longitudes 29.58 and 29.70E. There are different activ-ities in the region, a power station which working tar instead of
gas (for long periods) beside the Arab petroleum pipe com-
pany SUMED (Suez, Mediterranean pipeline) in addition to
some tourist villages which may discharge their wastes directly
into the sea without treatment leading to serious pollution in
the region.
Little attention was paid to investigate physicochemical
characteristics of coastal waters of the Sidikerir region.
El-Sakka and Abu El-Soud (2007) and Zaki et al. (2009) stud-
ied the environmental parameters of the inshore north western
coastal area of Alexandria including the investigated area.
Figure 1 Sidikerir area, sampling stations.
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metal contamination and health risk assessment in relation
to heavy metal pollution of the Sidikerir region.
Reflecting the composite influence of different water quality
parameters, the water quality index WQI is also useful for the
classification of waters, and can give an indication of the
health of the water (Gharib et al., 2011).
The aim of this work is to study the distribution of the
physico-chemical parameters in a hot spot area (Sidikerir)
and to study the impact of different activities established in
the investigated area that may discharge wastewater into the
sea.
Materials and methods
Subsurface water samples were collected by Niskin bottles
from 8 stations distributed inshore and offshore besides 4 near
bottom water samples were collected from the offshore sta-
tions seasonally through four seasonal cruises during the year
2012–2013 representing the area subjected to discharged waste
(Table 1 and Fig. 1). The following physico-chemical variables:
temperature, pH and salinity were measured directly in situ
using CTD apparatus (Model: YSI 556). Dissolved oxygen
(DO) was analyzed according to the modified Winkler method
(Grasshoff, 1976), oxidizable organic matter (OOM) according
to FAO method (FAO, 1976). Nutrient salts (nitrite, nitrate,
ammonia, phosphate, and silicate) were analyzed spectropho-
tometrically according to the recent oceanographically meth-
ods described by Grasshoff (1976) using UV/Visible double
beam spectrophotometer (Janway Model: 6800). Total phos-
phorus (TP) and total nitrogen (TN) were determined simulta-
neously spectrophotometrically according to Valderama
(1981).
Results and discussion
Physico-chemical parameters
The physico-chemical parameters (water temperature, dis-
solved oxygen, dissolved organic matter, salinity and pH) of
the Sidikerir region during 2012–2013 are represented in
Table 2.
Water temperature at Sidikerir hot spot area varied season-
ally from a minimum of 17.14 C during winter at station 3
(subsurface water) to a maximum of 26.31 C during summer
at stations 4 and 5 (near bottom and subsurface water, respec-
tively) Fig. 2. It is noticed that near bottom water temperatureTable 1 Location of different sampling sites of the Sidikerir
region during 2012–2013.
Station Latitude Longitude Depth (m)
1 31 03 36.81 N 29 40 37.33 E 1.90
2 31 03 55.46 N 29 40 26.46 E 11.30
3 31 03 29.55 N 29 40 26.84 E 6.40
4 31 03 51.56 N 29 40 10.14 E 11.00
5 31 03 05.59 N 26 39 48.78 E 4.60
6 31 03 27.01 N 29 39 32.24 E 11.80
7 31 02 56.28 N 29 39 26.58 E 4.00
8 31 03 12.98 N 29 39 10.10 E 11.90is always lower than that of subsurface water temperature. The
highest regional average water temperature at the Sidikerir
region (25.47 C) was observed as expected during summer
and the lowest (17.34 C) was in the winter. The annual aver-
age water temperature of the study area was 22.10 C (Fig. 2,
Table 2). The seasonal distribution of water temperature was
in the following order:
summer > spring > autumn > winter (Fig. 2).
Salinity is considered as a sensitive parameter for measuring
the rate of dilution of seawater caused by land-based source
discharge and subsequently, it reflects the degree of contamina-
tion in aquatic environment (Zyadah et al., 2004). Salinity at
Sidikerir region showed a narrow seasonal variation (Fig. 3).
The lowest salinity value of 37.51 was recorded during autumn
at station 3 (subsurface water–near shore station) while sum-
mer represented the highest salinity value of 39.71 recorded
at stations 4 (near bottom water–offshore station) and 5 (sub-
surface water). Regionally, the average values of salinity, in
general, showed a narrow local variation ranged between
38.30 and 38.87 whereas, the annual salinity average was
38.49.
The pH value is greatly affected by the photosynthetic
activity of algal biomass as well as by the amount of sewage
discharged into the hot spot areas. Seawater of Sidikerir region
lies in the alkaline side (>7 to <9). The maximum reading of
pH value (8.53) was observed during summer at stations 2, 3
and 4 (for subsurface and near bottom waters) while the lowest
value (8.03) was recorded at station 2 (near bottom water) dur-
ing winter. Fig. 4 shows that, the higher pH values were
Table 2 The range and the seasonal (average ± SD) values of physicochemical parameters at the Sidikerir region during 2012–2013.
Season Water (C) DO (mg/l) DOM (mg O2/l) Salinity pH
Spring 22.63–23.54 6.24–7.52 0.48–0.96 38.26–38.69 8.09–8.16
(23.13 ± 0.35) (6.96 ± 0.47) (0.68 ± 0.19) (38.57 ± 0.14) (8.12 ± 0.02)
Summer 24.63–26.31 4.16–7.68 0.40–1.60 37.91–39.71 8.44–8.53
(25.47 ± 0.65) (6.65 ± 1.08) (0.99 ± 0.36) (38.69 ± 0.64) (8.50 ± 0.03)
Autumn 22.22–22.98 5.44–7.04 1.28–1.92 37.51–38.85 8.48–8.50
(22.47 ± 0.20) (6.48 ± 0.63) (1.62 ± 0.23) (38.19 ± 0.50) (8.49 ± 0.01)
Winter 17.14–17.58 7.52–8.00 0.32–1.60 38.44–38.57 8.03–8.35
(17.34 ± 0.14) (7.75 ± 0.14) (0.69 ± 0.43) (38.52 ± 0.05) (8.26 ± 0.08)
Annual 17.14–26.31 4.16–8.00 0.32–1.92 37.51–39.71 8.03–8.53
(22.09 ± 3.02) (6.92 ± 0.81) (1.00 ± 0.50) (38.49 ± 0.44) (8.34 ± 0.17)
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Figure 2 Seasonal distributions of water temperature (C) in
subsurface (S) and near bottom (B) waters at the Sidikerir region
during 2012–2013.
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Figure 4 Seasonal distribution of pH in subsurface and near
bottom waters at the Sidikerir region during 2012–2013.
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that was observed near the bottom water of station 2 during
winter may be due to wastewater during this season. These
results are in a good agreement with those obtained by Zaki
et al. (2009). The decrease in the pH-value coincided with
the drop in oxygen content due to the effect of accumulating
organic pollutants (Saad, 1976) as well as the discharge of
brackish water.
Dissolved oxygen (DO) is one of the most important
parameters in assessing the degree of water pollution with
organic pollutants, which influence the organisms living withinFigure 3 Seasonal horizontal distribution of salinity in subsurface aa body of water through oxygen reduction or depletion
(Nessim et al., 2005). The distribution pattern of DO at the
Sidikerir area showed a relatively wide seasonally variation
and fluctuated between 4.16 mg/l (saturation of 88.94%) dur-
ing summer at station 6 (near bottom water) and 8.00 mg/l
(saturation of 150.28%) during winter at station 2 (near bot-
tom water) with an annual average of 6.96 mg/l (saturation
of 142.50%) Fig. 5. In general, the higher DO values were
observed in winter and this may be attributed to a relatively
low temperature of the water during winter and subsequently
higher solubility of gasses (Abu Hilal, 2010) which confirmsnd near bottom waters at the Sidikerir region during 2012–2013.
Figure 5 Seasonal distribution of dissolved oxygen (DO mg/l) in subsurface and near bottom waters at the Sidikerir region during 2012–
2013.
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Figure 6 Seasonal variations of oxidizable organic matter
(OOM) in the subsurface (S) and near bottom (B) waters at the
Sidikerir region during 2012–2013.
136 A.M. Abdel-Halim, M.A. Aly-Eldeenwith a significant negative correlation (r= 0.51, n= 48,
p< 0.05).
Oxidizable organic matter, (OOM) is far known as one of
the most important criteria to assess sewage pollution and
organic loading (Redfield, 1958). A relatively narrow range
in seasonal values at the Sidikerir region was reported
(Fig. 6), 0.32–1.92 mg O2/l, the lowest value was recorded at
stations 2, 7 (subsurface water), 6 and 8 (near bottom water)
during winter, while the highest value recorded at station 3Table 3 The range and the seasonal (average ± SD) values of nutr
Season NH4 NO2 NO3 DIN
Spring 0.05–5.54 0.13–0.80 0.97–8.61 1.62–11.03
(2.92 ± 1.71) (0.30 ± 0.18) (2.30 ± 2.12) (5.52 ± 2.59
Summer 0.54–8.82 0.33–1.15 4.23–33.18 5.43–38.68
(4.80 ± 2.87) (0.8 ± 0.34) (15.35 ± 8.4) (20.98 ± 8.9
Autumn 2.52–4.86 0.08–0.65 1.16–11.93 4.35–17.44
(3.41 ± 0.74) (0.28 ± 0.17) (5.14 ± 3.89) (8.83 ± 4.27
Winter 0.86–5.13 0.23–0.70 0.75–2.83 2.17–8.46
(1.90 ± 1.22) (0.49 ± 0.12) (1.36 ± 0.59) (3.75 ± 1.71
Annual 0.05–8.82 0.08–1.15 0.75–33.18 1.62–38.68
(3.30 ± 2.05) (0.48 ± 0.31) (6.48 ± 7.25) (10.18 ± 8.4(subsurface water) during autumn. The present annual means
at both subsurface and near bottom water samples were
around 0.74–1.16 mg O2/l (annual average 1.00 mg O2/l) and
lower than that recorded by Zaki et al. (2009).
Nutrient salts
The nutrient salt (ammonium ion, nitrite, nitrate, reactive
phosphate and reactive silicate) concentrations at Sidikerir
hot spot region during 2012–2013 are reported in Table 3.
Ammonium ion NH4
+ is the form of nitrogen that was pre-
ferred by algae and only when its concentration is depleted to
less than 0.15 lM, nitrate and nitrite can be utilized
(UNESCO, FAO, UNEP, 1987). Ammonia is the nitrogenous
end product of bacterial decomposition of natural organic
matter containing nitrogen (Tadros et al., 2005). Ammonia
concentration in Sidikerir water reached a maximum value
during summer and a minimum value during spring being
8.82 and 0.05 lM at stations 4 and 6 (near bottom water),
respectively, with an annual average of 3.26 lM. Most species
of phytoplankton utilize the ammonium ion in preference to
other inorganic nitrogen forms, which clearly appeared during
spring (Harvey, 1974). Regionally, it was observed that the
level of ammonia was higher in subsurface water than that
of near bottom water. The horizontal distribution of ammonia
in the subsurface and near bottom water of the Sidikerir regionients (lM) at the Sidikerir region during 2012–2013.
TN PO4 TP SiO4
39.32–118.65 0.14–0.86 0.67–1.93 0.91–3.19
) (58.76 ± 21.9) (0.39 ± 0.22) (1.18 ± 0.32) (1.44 ± 0.69)
18.65–47.46 0.10–1.44 0.47–2.60 0.68–6.78
0) (33.53 ± 9.45) (0.53 ± 0.45) (1.25 ± 0.76) (3.71 ± 2.07)
17.63–57.97 0.05–1.68 0.33–2.80 2.51–11.00
) (28.73 ± 11.5) (0.41 ± 0.48) (1.00 ± 0.75) (5.22 ± 2.63)
25.43–109.50 0.02–0.21 0.20–0.67 0.46–2.68
) (38.67 ± 22.7) (0.11 ± 0.06) (0.39 ± 0.14) (1.27 ± 0.58)
17.63–118.65 0.02–1.68 0.20–2.80 0.46–11.00
4) (41.05 ± 20.4) (0.38 ± 0.37) (0.98 ± 0.64) (3.02 ± 2.36)
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from near shore stations to offshore stations (Fig. 7).
Nitrite showed low concentrations for both subsurface and
near bottom waters in the Sidikerir region. The values fluctu-
ated between 0.08 and 0.80 lM determined at stations 8 and
1 (near bottom and subsurface water, respectively) during
autumn and spring, respectively, with a bottom annual average
of 0.47 lM. Fig. 8 shows a seasonal variation of nitrite con-
tents in the Sidikerir region, the maximum nitrite concentra-
tions during the summer period may be attributed to the
excretion of extracellular nitrite by phytoplankton (Riley and
Skirrow, 1965). It may also influence the distribution of nitrite
within the subsurface layer of natural water (Hutchinson,
1957).
Nitrate is the most stable form of inorganic nitrogen in oxy-
genated water. It is the end product of the nitrification process
in natural water. Seasonal variation of nitrate content in Sidik-
erir water fluctuated between 0.75 and 33.18 lM determined at
station 7 (subsurface water) during winter and summer, respec-
tively with an annual average of 6.04 lM. It was observed that
the decrease of nitrate during spring (Fig. 9) could be attribu-
ted to assimilation by plants in addition to the denitrification
process (i.e. the reduction of nitrate to nitrite before releasing
N2O or N2 molecules). Based on the annual average, nitrite is a
minor constituent if dissolved inorganic nitrogen DIN consists
of about 4.99% and it is characterized as the intermediate
compound which could be derived either from the oxidation
of ammonia or reduction of nitrate and can be removed from
solution during nitrogen assimilation by phytoplankton0.0
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Figure 7 Seasonal distributions of NH4-N (lM) in subsurface
(S) and near bottom (B) waters at the Sidikerir region during
2012–2013.
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Figure 8 Seasonal distributions of NO2-N (lM) in subsurface
and near bottom waters at the Sidikerir region during 2012–2013.(Schuler et al., 1953). Nitrate comprises the majority of DIN
(Fig. 10) and represents about 60.14% whereas; ammonia
comprises about 34.87% of DIN.
The data of ammonia and nitrate concentrations (Table 3)
showed that the concentrations of nitrate were generally higher
in the subsurface water than near bottom water while the
opposite trend was recorded for ammonia concentrations. This
distribution may be due to more oxic conditions in the subsur-
face water, which enhances the nitrification process compared
to less oxic or anoxic conditions in the deeper water that
enhances the denitrification process (Van Den Bos, 2003).
Total nitrogen (TN) represents the sum of organic and inor-
ganic nitrogen compounds in seawater either dissolved or sus-
pended form. The values of TN fluctuated between 17.63 and
118.65 lM determined at stations 8 (subsurface layer) in
autumn and station 6 (subsurface layer) in spring, respectively
(Fig. 11).
At most stations, TN exhibits higher values in the subsur-
face layer than near bottom layers. The main explanation for
this phenomenon is the effect of land-based sources to the area
of study (Abo El Khair et al., 2007).
Phosphorus is one of the most important elements control-
ling the growth and reproduction of phytoplankton (Riley and
Chester, 1971; Castro et al., 2002) and can be considered as the
most phosphorus form readily available for algal uptake.
Spatial and temporal distributions of inorganic phosphate
were presented graphically in Fig. 12. The values of inorganic
phosphate ranged from 0.02 lM at station 4 (near bottom) in
winter to 1.68 lM at station 2 (near bottom) in autumn.0.0
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Figure 9 Seasonal distributions of NO3-N (lM) in subsurface
and near bottom waters at Sidikerir region during 2012–2013.
Figure 10 Seasonal distributions of dissolved inorganic nitrogen
(DIN) (lM) in subsurface and near bottom waters at the Sidikerir
region during 2012–2013.
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Figure 13 Seasonal variations of total phosphorus (TP) (lM) in
subsurface and near bottom waters at the Sidikerir region during
2012–2013.
Figure 14 Distribution of total silicate (lM) in subsurface and
near bottom waters at the Sidikerir region during 2012–2013.
Figure 11 Seasonal distributions of total nitrogen TN-N (lM) in
subsurface and near bottom waters at the Sidikerir region during
2012–2013.
Figure 12 Seasonal distributions of dissolved inorganic phos-
phate (DIP) (lM) in subsurface and near bottom waters at the
Sidikerir region during 2012–2013.
138 A.M. Abdel-Halim, M.A. Aly-EldeenPhosphate concentrations were always low. The low con-
centrations at most locations of the present study are princi-
pally related to its short residence time in seawater.
Accordingly, the expected DIN/DIP ratio becomes high with
respect to that of Redfield’s (16:1) Redfield et al., 1963. Owing
to the seasonal average of DIN/DIP ratio, it was found that
the ratios are 17.1, 85.5, 56.8, 46.9 obtained at spring, summer,
autumn and winter, respectively, while the annual DIN/DIP
ratio was 34.5. When reactive inorganic phosphate is present
in large quantities, it causes eutrophication to a certain extent,
after which it becomes a potential pollutant (Abdel Halim and
Khairy, 2007).
The distributions of subsurface and near bottom of total
phosphorus (TP) values were presented graphically in
Fig. 13. The lower concentration (0.20 lM) was observed at
stations 2 (surface water) and 4 (near bottom) in winter, while
the higher one (2.80 lM) was observed at station 2 (near bot-
tom) in autumn. The seasonal averages of phosphate concen-
trations were in the following order:
winter > spring > autumn > summer.
According to Abo El Khair (1993), the TP fluctuations in
the subsurface waters maybe coincided principally with the
variations in the rate of reactive phosphorus uptake and in
the near bottom waters may be related mainly to the increasing
of suspended matter contents and consequently variations in
adsorption and desorption processes influenced by the prevail-
ing environmental conditions.
Silicon is an abundant element in the universe and consid-
ered as an important nutrient in the marine environment sincesome marine organisms such as diatoms and radiolaria utilize
this form of nutrient for growth and the formation of skeletal
material (De Master, 1981).
The distributions of silicate in the current study are pre-
sented graphically in Fig. 14.
The minimum absolute value (0.46 lM) was recorded at
station 8 (near bottom) during winter while the maximum
one (11.0 lM) was observed at station 5 during autumn. The
seasonal averages of silicate concentrations were in the follow-
ing order: autumn > summer > spring > winter. The rela-
tively higher concentrations of reactive silicate during the hot
period may be due to the increase in the dissolution of the dia-
toms frustules at higher temperatures (Shabana, 1999).
In the majority of samples, subsurface silicate values were
higher than those of near bottom ones, this is evidently due
to surface salinity distribution as a result of different land-
based sources (Hunter and Tyler, 1987; El-Rayis and Saad,
1992) and this is confirmed by the negative correlation found
between salinity and silicate (r= 0.37, n= 48, p< 0.05).
The same observation was deduced by Hemaida (1988) and
Aly-Eldeen (2006). Silicate values in the present study shows
a positive significant correlation with pH value (r= 0.62,
n= 48, p< 0.05) and a negative significant correlation with
dissolved oxygen (r= 0.57, n= 48, p< 0.05).
Water quality in the aquatic ecosystem is controlled by
many physical and chemical factors (Sargaonkar and
Deshpande, 2003). Water quality index (WQI) is considered
as one of the most effective tools (Mishra and Patel, 2001;
Naik and Purohit, 2001; Singh, 1992; Tiwari and Mishra,
1985) to give information on the water quality to the
Table 4 Water Quality Indices of the present study during
2012–2013.
St. name WQI
Spring 12 Summer Autumn Winter 13 Ann Av.
1S 87.48 84.10 89.82 75.89 84.32
2S 76.71 73.81 86.08 75.61 78.06
2B 76.78 73.82 74.09 77.33 75.51
3S 76.92 73.81 89.34 75.75 78.95
4S 88.84 88.74 89.31 75.27 85.54
4B 86.72 73.90 87.29 75.41 80.83
5S 76.71 74.50 74.22 75.75 75.30
6S 76.57 84.03 74.16 75.41 77.54
6B 89.19 89.61 74.16 75.13 82.02
7S 76.71 73.98 74.17 75.48 75.08
8S 76.85 74.30 74.10 76.03 75.32
8B 76.78 74.44 74.17 75.89 75.32
Min 76.57 73.81 74.09 75.13 75.08
Max 89.19 89.61 89.82 77.33 85.54
Av. 80.52 78.25 80.08 75.75 78.65
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important tool for the assessment and management of aquatic
resources. It provides a single number that expresses overall
overview about water quality at a certain location and time.
In general, water quality indices incorporate data from multi-
ple water quality parameters into a mathematical equation
that rates the health of a water body with a number
(Yogendra and Puttaiah, 2007).
Although the standard formula to calculate water quality
index gives the best result but sometimes it is difficult to get
the concentration of all nine quality parameters which are
requested for WQI calculations. To overcome this problem,
Srivastava and Kumar (2013) suggested the following equation
that gives a chance to calculate water quality index without
having the concentration of all parameters.
WQIMP ¼
X
WYQY=
X
WY
where,
Y= available parameters
QY = q-values of available parameters
WY =weighting factors of available parameters
The values of WQI of the present study at each station dur-
ing different seasons are listed in Table 4.
It was observed that the minimum value of WQI (73.81)
was observed at stations 2 (subsurface water) and 3 during
summer while the maximum value (89.82) was observed at sta-
tion 1 during autumn.
The classification of water quality index according to
Chaterjee and Raziuddin (2002), which is based on the physic-
ochemical parameters in investigated area, ranged from good
to poor water. According to the seasonal average values, the
correlation coefficient factor between WQI and water quality
parameters give evidence that nitrite, nitrate and hence, DIN
were the factors governing the computed WQI values of Sidik-
erir water (r= 0.95, 0.94 and 0.93, respectively, p< 0.05).Conclusion
The data obtained during the present study signified that the
Sidikerir region is oligotrophic to mesotrophic states charac-
terized by a relatively low to moderate concentration of nutri-
ents. The harmful effects of domestic and industrial effluents
reaching this area principally, responsible for lowering the
classification of WQI (good to poor) and hence may cause a
sharp decrease in the stock total catch of many fish species.
Accordingly, proper treatments of these effluents are highly
desired before their disposal into this region.
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